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Description 
Technical Field 

The present invention relates to a refractory composition for obtaining a monolithic refractory having 
self-flowability used for repairing and filling in various high temperature furnaces. 

Background of the Invention 

Hot repairing materials which are used to fill cavities or depressions caused by damage to lining 
refractories by utilizing flowability of the materials have been widely used, particularly for BOF (Basic 
Oxygen Fumace), electric furnaces. AOD furnaces, ladles, etc. 

As such hot repairing materials are materials that are generally charged into a fumace at high 
temperatures and are able to fill cavities caused by damage because of the natural flow of the materials 
themselves to exhibit effects as repair materials, there are required to have good fl owabil ity and high 
adhesi ve^ength w|th lining surfaces. 

As such materials, it is general *to have a type such as a plastic, massive/ or solid state in which coal-tar 
pitch is added to a .basic .aggregate and heatrkneaded or sometimes creosote etc. are added to knead at 
normal temperature, or a powder state etc. in which powder or granular pitch is added to the aggregate. 
Coal-ta r pitc h has been widely used as a binder for a hot repairing material or a leaking material, as It has 
properties wherein the residual carbon after heating high, forming good cai-bbn bond s and it has a 
relatively low price.. i\ u 

However, as the volatile gas of pitch contains harrfiflil substances; strong fuming is generated during 
hot repairs to deteriorate the working environment 

Pitch looses volatile matter and carbonizes by decomposition and polymerization reactions at about 
500 or more. However, as it is a mixture of organic matter of various components, the reaction proceeds 
in a complicated fashion. For this reason, it takes a long time for the pitch to carbonize at 500 - 600 •C i.e. 
for the hot repair material or baking rnaterial-to harden. \ t 

yarious attempts have tjeen proposed to improve the defects of^hbt repair material or baking material 
which use such coal-tar pitch type binders. 

For instance, in Japanese Patent Publication No. 59-17072, a material is disclosed in which a novolak 
type resin is added to a basic aggregate and heat-kneaded to obtain a massive solid body. However, the 
material begins to set and carbonize on its surfaces before the inside of the massive body begins to melt 
and soften. Therefore, in many cases, it does not flow as a whole and even if it partially flows, it is difficult 
to obtain a satisfactory repair effect because warpage is great and adhesive properties are unstable on the 
periphery portions extended by flowing. 

Also, in Japanese Patent Application Laid Open No.61 -242962, a repair material has been disclosed, in 
which granular type coal-tar pitch, granular or liquefied low molecular weight thermoplastic resins and an 
organic solvent are added to basic aggregate and kneaded to obtain a block state material. However, this 
repair material requires mechanical pressure for adhesion and Is poor in natural flowability, so It is difficult 
to fill in concave portions as a fluid. 

Further, in Japanese Patent Publication No.62-28112, formulations have been disclosed, in which 
phenol resin or melamine resin and powdery carbon are added to a thermoplastic material selected from a 
group comprising aromatic petroleum resins, petroleum pitch and heavy oil instead of coal-tar. However, it 
is not sufficient for the repair of converter charging side walls etc. which requires abrasion resistant 
properties, as the petroleum thermoplastic material has poor strength after carbonization and hardening. 

In Japanese Patent Application Laid Open No. 63-74973. a repair material has been disclosed in which 
paraffin is added to a material comprising a basic refractory aggregate, a bituminous material such as coal- 
tar etc. and a thermosetting resin such as phenol resins etc. and which is then kneaded to form it into small 
lumps. It has advantages in that the use of paraffin allows low temperature kneading and fuming during 
kneading is prevented. However, it has defects in that surface hardening of the lumps is fast when they are 
thrown into a high temperature furnace and it is difficult for each of the lumps to unit with each other 
through melt-softening. 

Also, in Japanese Patent Application Laid Open No. 63-156081 a material in which refractory materials 
and powdery resin are kneaded with polyhydric alcohol has been disclosed. However, it does not flow at all 
and has scarcely any adhesive strength, particularly when a thermosetting type resin was used as the 
powdery resin. 
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In this way. since coal-tar pitch, takes a long tinr^e to harden and remains in a softened for quite 
sometinne after heating, it shows some flowability. but it causes the generation of harmful substances and 
repairs require long hours. On the other hand, in the case of a resin type bonding agent, hardening begins 
^.on^the surface, ,of, the agent before softening of the jnside of the*.hptrepairsmaterials or baking* materials by. i 
heating begins. For these reasons, it can not flow as a whole and It has problems In adhering to lining 
surfaces and tends to be difficult to form into monolithic bodies. 

The present invention has been invented to solve the problems described above. The object of the 
present invention is to provide a refractory composition having excellent flowability under heat, that controls 
warpage phenomena which readily generates on the periphery of a lined body, and high adhesion by using 
a phenol resin as a bonding agent capable of forming good carbon bonds. 

•i^ • II 

Disclosure of the Invention , ^. , 

Accordingly, the present invention relates to a refractory composition for obtaining a monolithic 
refractory having self-flowability characterized in that the flow value is in the range off 125 - 180 mm by 
adding and mixing an organic separation preventative having a melting point or a softening point not less 
than 50 to a formulation comprising 80 - 90 wt.% refractory aggregate and 10-20 wt.% liquid novolak 
4ype phenol resin (hereinafter, this invention being referred to as the first invention). 

Further, the present invention relates to a refractory composition for obtaining a monolithic refractory 
having self-flowability at room temperature characterized in that the flow value is in the range of 125 - 180 
mm by mixing refractory aggregates with a phenol resin solution made from dissolving a novolak type 
phenol resin having a number-average molecular weight of not more than 600 to an organic solvent in which 
the phenoL'resin content Is in the faifige of 3.5 - 10 wt,% (hereinafter, this invention is refen^ed to as^'the 
second invention). 

Hereinafer, the first invention of the present Invention will b© described in detail. 

The refractory composition of the first invention of the present invention is not a conventional plastic, 
solid or powdery state materia! but is a [slurry state materlalj aving self flowability and not a material which 
softens and flows not just from furnace heat but^also flowXatinorm^^ Accordingly, when the 

material is; charged into.^a furnace, itjshows goodliflowability, filling cavities tiue to damage of the refractory 
lining walls inside the furnace, forming dense and unified refractory layers together with strong carbon 
bond, and making effective repair possible.. 

As a bonding agent for refractory compositions used for a monolithic refractory of the first Invention of 
the present invention, a known liquid novolak type resin is used. Novolak type phenol resins are originally 
solid at normal temperatures and there are resins which are either powdery or granular form. However, a 
liquid novolak type resin containing various organic solvents is used in the present invention for giving self- 
flowability at normal temperatures. 

As for novolak type phenol resins to be a base for the liquid novolak type phenol resin, there are resins 
having various molecular weights according to their degree of polymerization. Although molecular weight is 
not particularly limited, resins having higher molecular weights have higher viscosity when they are liquified 
by adding an organic solvent and as far as imparting self-flowability at normal temperatures is concerned, 
there are tendencies to Increase the mixing amount of liquid resin, which cannot be said to be economic. 
Also, there are tendencies for higher molecular weight resins to proceed faster in polymerization when 
exposed to high temperatures, to set faster and to lower the flowability under heat, and are therefore not 
preferable. 

If only the flowability is to be imparted, this is readily obtained by increasing the mixing amounts of 
liquid novolak type phenol resins to refractory aggregates. However, the refractory aggregates may 
precipitate and segregate during storage or by vibration during transportation by trucks etc, making 
practical use difficult. 

In a refractory composition of the first invention of the present invention, the most important point 
resides in reconciling good flowability and preventing precipitation and segregation of aggregates. It is a 
matter of course that the quality characteristics of hardened bodies lined during heat, namely, filling density, 
strength etc. should be satisfied. 

Liquid novolak type phenol resins consist of a resinous portion and an organic solvent, and there are 
various articles on the market which have different viscosities in a liquid state due to said proportion or type 
of solvent, etc. For imparting flowability to a refractory, smaller amounts thereof are possible by using a 
liquid novolak type phenol resin with low viscosity, while rather Increased mixing amounts are necessary 
when a liquid novolak type phenol resin with high viscosity is used. Therefore, it is effective to use a small 
amount of resins with low viscosity so far as economic efficiency is concerned. 
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As for the viscosity value of the liquid novolak type phenol resin, this changes according to temperature 
even if the same resin is used. The viscosity value is high at low temperatures and lowers at high 
temperatures. This is a big enough change to influence the se!f-flowability of the formulations by changes is 
^atmosf)h^rlc .temperature.^n the.casevOf low,yiscpsity resin, if, resins with apprpximately.nqt.more.qth an JO 
poise are used, changes in flowability over time during storage after mixing the formulations are large and 
therefore, is not preferable. Although the reasons have not been clarified, it is felt that liquid permeation into 
aggregate may Influence flowability during storage. 

On the other hand, even if viscosity is as high as to exceed 400 poise, this is not an obstacle in 
practical use, but the amount of liquid resin necessary for giving self-flowability will be increased which Is 
not economical. Accordingly, it is preferable to control viscosity of the liquid novolak type phenol resin to 
-approximately the range of 10 to 400 poise for temperature changes in the period from production of the 
formulations to final use. Further, the same effect can, be obtained when liquid resin, with high. viscosity is 
used and the viscosity of the liquid phase is controlled to be in the range described above, by adding an 
organic solvent separately. 

As for the ratio of the resin content In the liquid novolak type phenol resin to an organic solvent, there 
are many resins which have about 50% resin content in normal liquid novolak type phenol resins. However, 
from the view point of strength due to formation of carbon bonds in a hardened body, it is usable if liquid 
novolak type phenol resins have not less than approximately 15% resin content, 

The organic solvent contained in the liquid novolak type phenol resin is not specifically limited, a liquid 
which dissolves phenol resin Is available and in general alcohols such as ethanol, Cellosolve. ethylene 
glycol' triethylene glycol, propylene glycol etc.. ketones -such as acetone, methyl- ethyl ketone etc. or 
furfural etc. may be used alone or mixed thereof. However, they must be selected with due regard to 
viscosity, and safety' such as the flash point thereof. . ^ ^r. ' 

Next, an experiment to determine the minimum necessary amounts of liquid novolak type phenol resin 
was carried out. Fig. 1 shows a relationship between added amounts of liquid novolak type phenol resin and 
flowability under heat. As for refractory materials, regulated grain sized magnesia clinker was used to which 
a liquid novolak type phenol resin with various viscosities was added. In this way a sample was made in 
which .the amount pf liquid novjolak type phenol resin was control led :::to give self-flowability to.;a slurry 
material after kneading at normal temperature^s, of 140 - 145 mm as a flow value. 1 kg of this sample was 
dropped onto a flat plate made of a castable refractory in a testing furnace heated to 1000*C, after letting 
the sample stand, the diameter of the sample which was expanding by flowing was measured and the value 
was plotted. As apparent from this figure, when the amount of liquid novolak type phenol resin is not more 
than 10%. flowability of the sample drastically decreases though flowability at normal temperatures was 
about the same. On the other hand, when a considerable amount of liquid novolak type phenol resins was 
used, there were no problems. However, if the mixture exceeded 20%, the improvement of flowability under 
heat was not large, and therefore not economical. Accordingly, it is preferable to mix liquid novolak type 
phenol resins in amounts of 10 - 20 parts by weight. 

In this way. a kneaded mix which forms satisfactory carbon bonds after heating and having self^ 
flowability at normal temperatures was obtained. However, another important problem is that refractory 
aggregates sediment and separate during storage and especially from vibration during transport, as 
refractory aggregates generally have an unwettable property with liquid novolak type phenol resins. If 
refractory aggregates sediment and separate, the lower sedimented refractory aggregate forms a caking 
layer, exhibiting no flowability at all and takes on a state where only the upper liquid resin layer containing 
fine powder flows. In this way, as the sedimented layer of the separated material cannot be deformed, it is 
in a lump form when it is charged into a high temperature furnace and as only the upper liquid resin layer 
flows, a satisfactory hardened body structure sometimes can not be obtained. 

As a result of studies to resolve these problems, an organic separation preventative having a melting or 
softening point of not less than 50 ' 0 was obtained. 

As such an organic separation preventative having a melting or softening point of not less than 50 • C. 
there are polyolefins such as polyethylene, polypropylene etc., methane series hydrocarbons such as 
paraffins etc., aliphatic acids such as stearic acid and their salts or esters, oils and fats and their esters, 
various synthetic high molecular compounds etc.. the compositions thereof being not particulariy limited. 

Organic separation preventatives are solids at normal temperatures similar to refractory aggregates, and 
by adding small amounts, a mix takes on a state in which liquid resin amounts look insufficient, and 
sedimentation separation of the refractory aggregates can be controlled to a degree that is practically 
negligible. Therefore an organic separation preventative used in the present invention should stay in solid 
form at temperatures at least from production of the mix until use. and considering temperature rises during 
transportation. It should have a melting or softening point of not less than 50 • C. As for the form of an 
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organic separation preventative, a processed form with a big surface area such as in powder, flake, fibrous 
or ribbon like state is preferable. Further, it is preferable that the organic separation preventive agent be 
insoluble or sparingly soluble to an organic solvent contained in liquid novolak type phenol resins used in 
4^e*^'''st invention,of .the present invention and^lt is also.preferablQ4hat*:lhe; ageGt;.li_quefies,wij,h.lpw,yiscosityn;i.. 
5 at relatively low temperatures, for instance, at 200 'C and preferably at not more than 150 'C. Since a solid 
at normal temperatures prevents sedimentation of refractory aggregates, liquefying at relatively low 
temperatures by heating promotes flowability during heat. 

Further, it is preferable that the specific gravity of an organic separation preventative be the same or 
smaller than that of the liquid novolak type phenol resin. If the specific gravity is smaller than the liquid 

10 resin, a buoyant force acts on the organic separation preventative, and the effect of preventing deposition of 
refractory aggregates having greater specific gravity is large. 

A small adding amount of an organic separation, pre ventative^.may be,.used. Normally, .0.1 - 5 wt% is 
used for a mixture of refractory aggregates and a liquid novolak type phenol resin. If the adding amount is 
not more than 0.1 wt%, there is little and when compounding amounts of the liquid resin are large, enough 

75 effects are observed by adding not more than 5 wt%, so adding greater amounts is not necessary. When 
excessive amounts are added, sometimes self-flowability or flowability under heat of the whole mixture may 
lower. Optimum adding amounts of an organic separation preventative is determined by grain size 
distribution of the refractory aggregates, viscosity or mixing amountS;Of the liquid novolak type phenol resin 
or the form of the organic separation preventative itself, etc. 

20 In order to see If the range of flowability under heat and self-flowability which shows the prevention the 
^^iability of ther refractory aggregates of the refractory composition sedimentation separation of the first 
Invention of the present invention obtaine.d in a manner described above,. by mixing refractory aggregates,, 
.liquid novolak type phenol resin and an organic separation preventive agent -were proper or not was 
stipulated as the flow value by a flow testing method of JIS R-2521. The flow testing method is originally a 

25 method which evaluates flowability of alumina cement. However, it is also used for evaluating the flowability 
of castable refractories. Accordingly, it can also be used as it is for the adjustment of self-flowability in the 
refractory composition of the first invention of the present invention. 

Further, as sedimentation of the refractory aggregates was sometimes observed when>.:the flow value 
^yyas large, it-jis necessary to stipulate^ certain ranges of flow value. As shown in Fig. 2;;:a relationship 

30 between the flow value and flowability under heat and separation of refractory aggregates on samples in 
which an organic separation preventative was added and mixed with formulations comprising magnesia 
clinker and liquid novolak type phenol resin was measured. A sample was made by suitably changing the 
mixing amount of liquid novolak type phenol resin with various viscosities and suitably adding and mixing 
an appropriate amount of various organic separation preventatives, just after which the flow value was 

35 measured. On the other hand, after letting the samples stand at normal temperatures for 3 days from the 
date of their production a test to determine flowability under heat was carried out at 1000*C in the same 
manner as indicated by the results shown in Fig. 1. Separated depth of refractory aggregates was 
measured by inserting a sample in a cylindrical vessel to a height of 100mm, vibrating this for 30 min., and 
'"'then measuring the depth of an upper layer comprising fine powder and fluid which does not contain 

40 refractory aggregates. 

If the flow value is less than 125mm. the drop of flowability under heat is large and if it exceeds 
180mm, liquid resins preferentially flow by the influence of separation of refractory aggregates as well, so 
this has a tendency to lower the flowability and expansion as a whole. If the flow value exceeds 180mm, the 
separated depth increases, as sedimentation of refractory aggregates after vibration rapidly increases. 

45 In this way, if the flow value is not more than 125mm, the flowability under heat is not sufficient, as the 
self-fiowability is too small. On the other hand, if the flow value exceeds 180mm, settling of refractory 
^OQ^egate is sometimes observed when vibration is added even if an organic separation preventative is 
added. Therefore, to exhibit the properties of a refractory composition for obtaining a monolithic refractory 
with self-flowability of the first invention of the present invention, the flow value should be in the range of 

50 1 25 - 180mm. 

As the viscosity of a liquid novolak type phenol resin changes according to temperature, the flow value 
differs with an atmospheric temperature even If a mixture has the same mixing ratio. Therefore, it is difficult 
to stipulate a refractory composition for obtaining a monolithic refractory with the self-flowability of the first 
invention of the present Invention only by the formulation ratio. However, at least in a composition in which 
55 an organic separation preventative is added and mixed with the formulations comprising 80 - 90 wt% 
refractory aggregates and 10-20 wt% liquid novolak type phenol resin, if the flow value is stipulated, the 
flowability under heat and the sedimentation and separation preventability of refractory aggregates which 
achieve an object of the first invention of the present Invention are obtained. 
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Refractory aggregates which may be used for the refractory composition for obtaining a monolithic 
refractory with self-flowabillty of the first invention of the present Invention are preferably basic refractory 
materials such as magnesia clinker or dolomite clinker, etc. when used for instance in refining furnaces, etc. 
vacld or neutral refractory ^materials .such as- stiicav zircon^ or alumina.'elc. as wellras non-oxide ? refractories ^^"^^ -jt 
5 such as silicon-carbide, etc. for molten pig iron vessels, etc. and are not specifically limited. Refractory 
aggregate grain sizes are preferably used for normal refractory compositions, for instance, adjusted to a 
grade in which fine powder of under 0.3 mm is In the range of 20 - 60%. 

For improving the composition after setting etc.. it is possible to add a small amount of super fine 
powder such as silica, alumina, zircon etc. Further, for reinforcing carbon-bonds, a carbonaceous material 
fo such as graphite, carbon-black, solid pitch, meso-phase carbon etc. .may be added and for improving 
flowability. it i s possible Jo jdd a small amount of a surfactant 

Next, the (secondjnvera^ the present Invention will, be illustrated. As described above, a refractory * 
composition foT^btaining a monolithic refractory with self-flowability of the first invention of the present 
invention has objects of possessing good flowability and preventing sedimentation and separation of 
75 aggregates. However, in some applications, adhesive strength was insufficient and warpage of the obtained 
hardened body was sometimes a problem. The refractory composition of the second invention of the 
present Invention was developed to give high adhesive' strength and to prevent warpage of the hardened 
rbpdy obtained as an object, in which a specific novolak type phenol resin Is used in a*" specific resin 

concentration range as a binder. ,^ 

20 The refractory composition of the (second Invention of the^ present invention is not a conventional 
" material In a state sucfi as plastic. 'solid oV powdier but i>^\urry material / with self-flowability as well as a 

refractory composition of the first invention and not a material which sofierrs and flows by furnace heat but a ; • 

material having flowability even at normal temperatures Therefore, when the materials are dropped into a 
furnace under heat, an effective repairing Is possible, as the materials show good flowability even under 
25 high temperatures, forming a dense unified refractory layer and adhering tightly to lining surfaces inside the 
furnace. 

As for ..the binder used for the refractory composition of the second invention of the present invention 
s- this may be a specified binder among the known novolak type phenol resins and which is formulated to - 
have a specified resin concentration; x ^ v 

30 The flowability of a refractory composition in a high temperature furnace Is substantially the same as its 
behavior under normal temperatures. In a conventional pitch type material, the pitch softens to a flowable 
state by being exposed to high temperatures even If it Is solid, plastic or powder at normal temperatures. . 
As pitch requires long hours to be hardened through complicated reactions, flow of the whole material Is 
possible. However, materials in which various resins are used, are easy to harden compared with pitch. For 
35 this reason, a resin softened by heat subsequentiy begins hardening. In a solid, plastic or powdery material, 
if the material surfaces begin to soften, the inside remains in its original condition and does not flow and the ... 
surface hardening begins before the inside, flow begins so that it cannot flow as a whole material. 

. The refractory composition of the second invention of the present Invention is not a refractory which 
softens and flows after receiving heat from a high temperature furnace but flows even at normal 
40 temperatures and begins to flow as soon as the refractory Is dropped into the furnace. To give flowability at 
normal temperatures, a refractory material is produced by kneading with a phenol resin solution In which a 
binder novolak type phenol resin is dissolved in an organic solvent. 

Having self-flowability at normal temperatures means that a material flows and deforms from its own 
weight, for instance a material with self-flowability is a material which has a flow value of not less than 
45 125mm according to JIS R-2521 flow testing metiiod. As significant improvements in flowability under heat 
are not observed even when flow value exceeds 180mm, it is preferable to have the flow value of the 
refractory composition of the second Invention of the present invention in the range of 125 - 180mm. 

Another object of the refractory composition of the second invention of the present invention is to have 
high adhesive strength and maintain the strength for a long time after tiie refractory is lined on a damaged 
50 portion inside a furnace. 

A refractory composition is useless for repairing a furnace under heat unless it has high adhesive 
strength to wall surfaces of a high temperature furnace as it easily peels off from repaired surfaces as a 
result of mechanical or thermal shock, etc. Therefore, high adhesive strength and stability thereof are 
required for a refractory composition for repairing. 
65 To complete the second invention of the present invention, various studies were carried out concerning 
the relationship between a novolak type phenol resin and adhesive strength. 

Novolak type phenol resins with various molecular weights according to polymerization degree thereof 
have been sold on the market mainly in pellet or powder state, generally they have a number-average 
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molecular weight of about 400 - 1000. Solid or powder resins with a low molecular weight of under 400, for 
Instance a resin in which unreacted free phenol remains, have low softening point and are not sold on the 
market because they sometimes solidify during storage at normal temperatures. However.in cases where a 
-TO >*h Ti- • rest nj is. diss^^ a^-os: -j-^ 

5 resins used as a base need not be in solid or powder form and there are no problems for use If the resins 
were viscous at normal temperatures due to low molecular weight. 
' ' The Inventors of the present invention investigated the influences of various molecular weights novolak 

type phenol resins on adhesive strength, Novolak type phenol resins of various molecular weights were 
dissolved in ethylene glycol and/or propylene glycol to make a novolak type phenol resin solution with 

10 viscosity suitable to give self-flowability. On the other hand, magnesia clinkers were used as refractory 
aggregates and their grain sizes were controlled to have a grain size constitution suitable for a refractory 
:y composition .83 parts magnesia ciinker and 17 parts novolak type phenol resins.were mixed and kneaded to • 

make refractory composition samples. I - . . 

Metal cylinders with a 22mm Inner diameter were laid on a brick surface which was heated to 1000'C, 

75 ^ each sample was laid in a cylinder, and after the sample adhered to the brick surface, the shearing strength 
needed pee! the adhered sample was measured to make comparisons of the adhesive strength. The results 
are shown in Rg. 3. As is apparent from this figure, if the molecular weight of a novolak type phenol resin 
exceeds 600, the adhesive strength lowers somewhere below 1 kg/cm^. On the other hand , if the molecular 
weight Is not more than 600. good adhesive strength is shown with little change. Particularly, a resin with a 

20 molecular weight of not more than 550 is excellent as it has an adhesive strength of not less than Skg/cm^. 

In this way, although it is^not clear that differences in adhesive strength arises from differences in the - 
molecular weight of Jhe novolak type phenol resin, It may be assumed .that differences In wettaljility of the 
resiri solution to high temperature brick surfaces has a big influence. ^ - 

On the other hand, in a real furnace, the inventors found that even a refractory composition in which a 

25 novolak type phenol resin with a number-average molecular weight of not more than 600 was used peeled 
off after 1 or 2 operations. After investigating the cause of this peeling, it was found that not only the 
. adhesive strength but also the so called warpage the phenomenon of the lined body itself on the periphery 
^ of \f)e lined t^ody greatly affects adhesive^ stability . Damaged portions inside a ^furnace were; filled and ; -i*- 

repaired using the flowability of the refractory, composition itself. However, on the.periphery ojf the lined ' 

30 body, the thickness of the repairing material becomes thin. The warpage phenomenon was sometimes 
observed in this portion as shown in Fig. 4(A), It the warpage phenomenon appears on the periphery of the 
lined body, for instance, a molten metal with greater specific gravity enters into any gaps formed by the 
warpage on the periphery and works like a wedge to peel off the whole lined body, even if the center 
portion of the lined body had sufficient adhesive strength. Accordingly, it is very important to restrict this 

35 warpage phenomenon as much as possible to stabilize adhesion. 

1kg samples were laid on a castable plate which was heated to 1000*C at a laboraty and the state after 
the samples flowed and expanded was observed as shown in Fig. 4(B). Novolak type phenol resin solutions 
are prepared by dissolving a novolak type phenol resin having a number-average molecular weight of not 
more than 600 with various organic solvents in various mixing rates. Refractory composition samples having 

40 self-flowability for obtaining a monolithic refractory were prepared by mixing and kneading these solutions 
and grain size controlled magnesia refractory materials In ratios of solution to refractory material of 10:90 - 
20:80. Warpage amounts on the periphery of the flowed and expanded 1kg samples at 1 000*0 were 
measured at 4 points as shown in Rg.4(B) and the average value was regarded as the warpage amount. 
Correlation was studied from many angles between the warpage amount and kinds of organic solvent, 

45 mixing ratio between the organic solvent and resin portion, and viscosity of the solution etc, on these results 
and it was found that there is a correlation between content of novolak type phenol resin in the formulations 
and the warpage amount as shown in Rg. 5. From Fig. 5 it can be seen that the warpage amount is smaller 
when smaller amounts of a novolak type phenol resin are contained in the formulations and when resin 
amounts are increased, the warpage amounts increase, particularly when the resin amounts exceed 10% 

50 wher6 substantial warpage sometimes occurs suddenly. 

Although the mechanism behind such warpage phenomena is not necessarily clear, it is assumed that 
the occurrence of volume shrinkage during processes such as softening by heat, transferring from a liquid 
state to a solid state and carbonizing thereafter of the novolak type phenol resin, is the largest factor. 
Accordingly, it is considered that the warpage amounts can be reduced by appropriately restricting the 

55 amount of novolak type phenol resin in the formulations. Although no occurrence of warpage is most 
preferable, considering the state of real furnaces, according to the results of this experiment it is preferable 
to have warpage amounts not greater than 4mm, and if possible not more than 3.5 mm. On the other hand, 
if the content of a novolak type phenol resin in the formulation is as low as 3%, there is little or no 
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occurrence of warpage. However, bonding by carbonization of the phenol resin Is rather insufficient and a 
drop in strength was observed. Therefore, the preferable amount of novolak type phenol resin in the 
formulations in the second invention of the present invention is In the range of 3.5 - 10 wt%. 
<'rAii:rtue:B 5.^, i.'. <=-r AsEfort-the> novolak- type phenol. resin solution of^the second invention -of-.the^present invention, although 

5 mixed solutions of a novolak type phenol resin and various solvents were used for various experiments, 
practically, these so called liquid novolak type phenol resins are generally sold on the market. Among there, 
resins having a number-average molecular weight of not more than 600 having a partially free phenol 
content, a suitable viscosity of for instance, about 10 - 400 poise in which the refractory composition for 
obtaining a monolithic refractory has self-flowability. can be used as described above. It is matter of course 

10 that the viscosity can be controlled by adding an organic solvent separately. It is necessary to control the 
resin content in the refractory composition to be in the range of 3.5-10 wt%. 
- 'To satisfy self-flowability- and resin content, the mixing ratio between a refractory material and the 

novolak type phenol resin solution should be determined by totally considering the resin contents in a 
novolak type phenol resin solution and differences In viscosities of a solution which are related to the kind 

15 of organic solvent. 

Organic solvents which dissolve the novolak type phenol resins used for the refractory composition of 
the second invention of the present invention are not specifically limited, and solvents which dissolve phenol 
resin are permissible, with solvents used for the first invention described above also being usable. 

Refractory aggregates used for the second Invention of the present invention are also not specifically 
20 limited, with the same type refraptory aggregate as used in the first invention being acceptable along with 
' ^ ' the same grain sizes of refractory aggregates as In the first invention. " ' 

. Further, for restricting sedimentation of refractory aggregates, adding small amounts of an organic 

separation preventative used in the first invention described above such as polyolefins such as poly- 
propylene etc., methane type hydrocarbons such as paraffin etc., aliphatic acids such as stearic acid etc. 
25 and the salts or esters thereof are available. 

For Improving a matrix after hardening etc. adding small amounts of super fine powders such as silica, 
alumina, zircon etc. is also possible. Further, for reinforcing carbon bonding, adding small amounts of. for 
^- > instance, graphite, carbon blacky solid pitch, mesophase carbon etc., for preventing oxidation of- carbon 

v' " bonds^or to improve strength under heat, adding small amounts of metal powder of At. Si, Mg or alloys 

30 thereof is allowable. Also, it is possible to add small amounts of a surfactant to improve flowabllity. 

Brief Description of the Drawings 

Fig. 1 shows a relationship between mixing amounts of a liquid novolak type phenol resin and 
35 fiowability under heat. 

Fig. 2 is a graph showing a relationship between flow value and fiowability under heat. 

Fig. 3 is a graph showing a relationship between the number-average molecular weight of a novolak 
type phenol resin and adhesive strength. 

Fig. 4 is a sectional view of warpage phenomenon as observed in a real furnace (A) and in a laboratory 
40 furnace (B). 

Fig. 5 is a graph showing a relationship between resin amount In the formulations and amount of 

warpage. 

Fig. 6 Is a graph showing hardening time at each of the temperatures in Example 2 and Conventional 
Example 4. 

45 In the Figures. 1 denotes a refractory composition, 2 denotes lined bricks. 3 denotes a castable 
refractory plate and L denotes amount of warpage. 

Examples 

50 The first and second inventions of the present invention will be further illustrated by the following 
Examples. 

Example 1 

55 Refractory compositions of the first invention of the present invention and a refractory composition of a 

Comparative Example and Conventional Examples with formulations described in Table 1 were prepared, 
and fiowability under heat, sedimentation of refractory aggregate and the properties of cast materials under 
heat of each of the refractory compositions were measured. The results are shown in Table 1. 
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Each of the properties etc. were measured according to the following testing methods. 

(a) Flow values were measured according to JIS R-2521 . 

(b) Separated depths were measured by the method Illustrated In Rg. 2. 

,,(c) Flowabllity' under; heat-L was , measured aft^r., letting each ;,of .the . samplesr stand for....7 ; days after 
preparation as illustrated by the results in Fig. 1. 

(d) Flowabllity termination time was measured by dropping a sample and observing the time it took for 
circular expansion flow to stop. Fuming conditions were measured visually. 

(e) Properties of cast products under heat: 

A refractory sagger with inner dimensions of 200 x 125 x 90mm was set in a small furnace, heated 
to 1200*C, burning stopped and when the temperature of the inner surfaces of the sagger cooled to 
•1000 'C. a 6kg sample was charged into the sagger, let stand and after it was cooled to normal 
temperatures samples were prepared by cutting. Porosity and bending strength were measured on these 
samples by normal methods. 
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From the results, each of the Examples had little separation and showed excellent flowability in a short 
55 time. The porosity of the cast product was low. strength high and a lined body under heat with good filling 
ability through excellent flowability could be obtained. 

On the other hand, the Comparative Example having the same composition as Example 3 except that a 
separation preventative was not added, and with a flow value of not less than 180mm. had large separation 



10 



BEST AVAILABLE COPY 



EP 0 447 562 B1 



and the flowability under heat after 7 days was also lowered sharply. 

Conventional Example 1 was a powdery state refractory composition. It had a poor flowability and less 
filling ability under heat. Conventional Example 2 was a lump material with a size of about 30 - 50mm which 
•r. e.^^- --i,v was prepared iby^ heating and kneading .the.material at.80;-C and Ihen^cooling and .splidifingiit.Jt<.tpok a long 
5 time when the resin was liquefied to be flowable from a solids under heat. For this reason, hardening began 
at the surfaces so that the material had low flowability. Conventional Example 3 was a plastic body using a 
petroleum resin, the strength of cast products under heat with this material was very low and the porosity 
high. Conventional Example 4 was a material using a pitch type binder. Although it took a long time to flow, 
final flowability was rather good. However, the amount of fuming was very large and the porosity of cast 
10 products under heat was also high. Particularly, the difference in porosity between the upper and lower 
portions of the cast samples under heat was large, the upper portion showing a foaming state and porosity 
. reached 48%. ,. .. , 

f Fig. 6 is a drawing comparing hardening time at each of the temperatures between Example 2 of the 

present invention and the pitch type material of Conventional Example 4 in which 500g samples were 
75 inserted into steel-cans which were then inserted from an upper portion of a furnace heated to a fixed 
temperature and the time until the surfaces of the samples in the cans became hard was measured. From 
the results, it is understood that Example 2 of the present invention hardens in a short time of about 1/2 - 
1/3 compared with Conventional Example 4 of the pitch type at every temperature. ' 

20 Example 2 

Refractpry compositions of the second Invention of the present Invention and refractory composition? of 
the Comparative Examples and Conventional Examples with formulations ^described In Table -2 Were 
prepared, and the properties of each of the refractory compositions were measured. The results are shown 
25 in Table 2. 

(a) Flow values were measured according to the method of Example 1 . 

(b) Tests under heat at 1000'C were carried out, in which 1 kg samples were laid on castable refractory 
f plates set in a small [furnace, and after the samples flow-expanded their diameters were measured and 

-y evaluated as flowabili^ under he^t and gaps which were caused between the castable plates and;the 
30 periphery of the flow-expanded samples were measured at 4 points and evaluated as warpage amount. 

(c) Adhering strength was measured in the same way as described before. 

(d) Bending strength of a sample after casting under heat at 1000*C was measured as follows, 

A refractory sagger with inner dimensions of 200 x 125 x 90 mm was set in a small furnace, it was 
heated to 1200'C and after burning was stopped and the temperature of the inner surfaces of the sagger 

35 cooled to 1000 *C, a 6kg sample was charged into the sagger, let stand, and samples were prepared by 
cutting after cooling to normal temperatures. The bending strength was measured on these samples by 
usual methods. From the results, products of the present invention show good flowability under heat such 
_ as not less than 240mm_as well as sufficiently high adhering strength. Warpage amount was restricted to a 

grade of practically no problem. Comparative Example 2 contained a large molecular weight resin and 

40 insufficient adhering strength. As it had no self-flowability, flowing under heat was bad, it had less resin 
content and was inferior in bending strength. Comparative Example 3 contained a large molecular weight 
resin and had insufficient adhering strength with much resin content in the refractory composition and the 
warpage was very large. Conventional product 5 was a powdery material and had insufficient flowability 
under heat, adhering strength, warpage and bending strength. 

45 Conventional product 6 was a bulk material 1 - 30mm in size which was prepared by kneading 
refractory materials and resins under warm temperatures, and crushing after the material was cooled and 
solidified and had insufficient properties similar to conventional product 5. Conventional product 7 was a 
material prepared by kneading refractory materials and thermoset resin powder using glycerin. However, it 
had very bad flowability under heat and no adhering strength. As the material barely flowed, it was 

50 impossible to measure the amount of warpage. 
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Note: Refr.Ccxnp. denotes a refractory composition for obtaining a monolithic refractory 
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Table 2 (Continue) 
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Industrial Feasibility 

50 

Refractory compositions for obtaining a monolithic refractory with seff-flowability of the first invention of 
the present invention hardly show sedimentation of refractory aggregates and show excellent flowability. 
Accordingly, they bring about various advantages. For instance, a large amount such as a ton of the 
refractory can be packed in a flexible container bag and the transport, storage and charging into a furnace 
55 as packed becomes possible. Therefore, the small packing such as in about 5 - 10kg bags which was 
mainly used in conventional work. Is not required and the work becomes easy. In the past, refractory 
compositions for obtaining a monolithic refractory with flowability have been kneaded by mixers etc. at the 
site of use. With the refractory composition material of the first invention of the present invention, the 
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material can be kneaded and stored at a manufacturing factory and can be applied as a material which 
requires a flowablllty for lining at normal temperatures, for instance, for a filling material which fills gaps. 
If 1 - 1.5 t of the product of the present invention is charged at a time together with the flexible 
u-M.iv, . rj.container into a furnace at.about 1200*Ci for instance, when used for repairing^a 250t BOF the product 

5 flattens at once because of the good flowability and hardens after 20 min. Therefore, the BOF can be used 
thereafter. In the case when a conventional pitch material is used, it takes about 1.5 hrs for repairing and 
the life of the repair was 5 - 6 heats. However, by using the product of the present invention the life was 
sharply improved to such as 10 - 15 heats. 

As the adhesion stability was obtained by the excellent flowability. adhering strength and restricted 

10 warpage, a refractory composition of the second invention of the present invention shows, for instance when 
It was used for repairing charging walls of a BOF. a 2 - 3 time longer life compared with the life obtained by 
repairing, with a conver)tional resin bonded or pitch bonded refractory composition. Furthermore, the present 
invention also has advantages such as a decrease of fuming which resin bonded -products originally have 
and short hardening time etc., and not only an Improvement of repairing efficiency (decrease of repairing 

75 frequency, improvement of furnace life) but also it became possible to sharply improve the working 
environment. 

Claims 

20 1. A refractory composition for obtaining a monolithic refractory with self-flowability. characterized In that 
an organic separation preventing agent with' *a melting point or softening point of not less tiian 50 • C is 
added to formulations comprising 80 to 90 wt.% refractory aggregates and 10 to 20 wt.% of a liquid 
novolak type phenol resin to have a flow value in the range of 125 to 180 mm as determined according 
to JIS R2521. 

25 

2. Refractory composition according to claim 1. wherein the organic separation preventing agent is a 
polyolefin such as polyethylene, polypropylene etc., a methane series hydrocarlpon such as paraffin 
etc.. ran aliphatic acid such asrstearic acid and Its salts or esters, or.:otls and fats and their salts or 
esters. 

30 

3. A refractory composition for obtaining a monolithic refractory which has self-flowabillty and does not 
harden at room temperature, characterized in that a phenol resin solution in which a novolak type 
phenol resin with a number-average molecular weight of not more than 600 is dissolved In an organic 
solvent, is kneaded with refractory aggregates to give a phenol resin content of 3.5 to 10 vft.% and a 

35 flow value determined according to JIS R2521 of 125 to 180 mm. 

4. Refractory composition according to claim 3, which further contains an organic separation preventing 
agent with a melting point or softening point of not less than 50 • C. _. 

40 5. Refractory composition according to claim 4. wherein the organic separation preventing agent Is a 
polyolefin such as polyettiylene. polypropylene etc.. a methane series hydrocarbon such as paraffin 
etc.. an aliphatic acid such as stearic acid and its salts or esters, or oils and fats and tiieir salts or 
esters. 

45 PatentansprUche 

1. Feuerfestzusammensetzung zum Erhalten eines monolilhischen feuerfesten Materials, die SelbstflieBfa- 
higkeit hat, dadurch gekennzeichnet, daB ein organisches Trennschutzmittel mit einem Schmelzpunkt 
Oder Erweichungspunkt von nicht weniger als 50 • C Formulierungen zugesetzt wird, die aus 80 bis 90 

50 Gew.'% Feuerfestaggregaten und 10 bis 20 Gew.% eines flussigen Phenolharzes vom Novolak-Typ 
bestehen. um einen FlieQwert im Bereich von 125 bis 180 mm. bestimmt gemSB JIS R2521. zu 
errelchen. 

2. Feuerfestzusammensetzung nach Anspruch 1, worin das organische Trennschutzmittel ein Polyolefin 
55 ist. wie Polyethylen, Polypropylen usw., ein Kohlenwasserstoff der Methanreihe wie Paraffin usw,. eine 

aliphatische Saure wie Stearinsaure und deren Saize oder Ester, oder Ole und Fette und deren Saize 
Oder Ester. 



14 



BPPT A\/AII AQI p COPY 



EP 0 447 562 B1 



3. Feuerfestzusammensetzung zum Erhalten eines monolithischen feuerfesten Materials, die SelbstflieBfa- 
higkeit hat und bei Raumtemperatur nicht erhartet. dadurch gekennzeichnet. daB eine Phenolharzlo- 
sung. in der ein Phenolharz vom Novolak-Typ mit einem zahlenmittleren Molekulargewicht von nicht 

y.-smehr als..600 in einem organischen Losungsmittel gelost ist, mit Feuerfestaggregaten verknetet wird, 
5 urn zu einem Phenolharzgehalt von 3,5 bis 10 Gew.-% zu gelangen und zu einem FlieBwert. bestimmt 

gemaB JIS R2521. von 125 bis 180 mm. 

4. Feuerfestzusammensetzung nach Anspruch 3, die weiterhin ein organisches Trennschutzmittel mit 
einem Schmelzpunkt Oder Erweichungspunkt von nicht weniger als 50 • C enthSlt. 

10 

5. Feuerfestzusammensetzung nach Anspruch 4. worin das organische Trennschutzmittel ein Polyolefin 
... ist, wie Polyethylen, Polypropylen usw.. ein Kohlenwasserstoff der Methanreihe, wie Paraffin usw.. eine 

aliphatische Saure wie Stearinsaure und deren Saize oder Ester, oder Ole und Fette und deren Saize 
Oder Ester. 

75 

Revendlcations 

1-: Une composition r^fractaire pour I'obtention d'un materiau refractaire monolithique ayant une aptitude h 
I'ecoulement intrinseque, caract^risee en ce qu'un agent inhibiteur de separation organique ayant un 
20 point de fusion ou un point de ramollissement non inferieur h 50 est ajout^ h des formulations 
comprenant 80 90% en poids d'agr§gats r^fractaires et 10 ^ 20 % en poids d'une r^sine ph^nolique 
liquide de type novolaque pour obtenir une valeur d'ecoulement dans I'intervalle de 125 ^ 180 mm telle 
que d^termin^e selon la procedure JIS R2521. 

25 2. Composition refractaire selon la revendicalion 1, dans laquelle I'agent inhibiteur de separation organi- 
que est une polyolefine telle que le polyethylene, le polypropylene, etc., un hydrocarbure de la serie 
methane tel qu'une paraffine, etc., un acide aliphatique tel que Tacide stearique et ses sels ou esters, 
ou des huiles ou graisses et leurs sels ou esteris. 

30 3. Une composition refractaire pour Tobtention d'un materiau refractaire monolithique ayant une aptitude h 
recoulement intrinseque et ne durcissant pas h temperature ambiante. caracterisee en ce qu'une 
solution de resine phenolique dans laquelle une resine phenolique de type novolaque ayant un poids 
moleculaire moyen ne depassant pas 600 est dissoute dans un solvant organique, est malaxee avec 
des agregats refractaires pour donner une teneur en resine phenolique de 3,5 ^ 10 % en poids et une 

35 valeur d'ecoulement telle que determinee selon la procedure JIS R2521 de 125 ^ 180 mm. 

4. Composition refractaire selon ta revendication 3, contenant en outre un agent inhibiteur de separation 
organique ayant un point de fusion ou un point de ramollissement non inferieur ^ 50 * C. 

40 5. Composition refractaire selon la revendication 4, dans laquelle I'agent inhibiteur de separation organi- 
que est une polyoietine telle que le polyethylene, le polypropylene, etc.. un hydrocarbure de la serie 
methane tel qu'une paraffine, etc., un acide aliphatique tel que I'acide stearique et ses sels ou esters, 
ou des huiles ou graisses et leurs sels ou esters. 

45 
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